was the first person to offer a theoretical account of perceptual learning based, at least in part, on the results of animal experimentation (e.g., Gibson & Walk, 1956 ). According to Gibson's (1963) definition, perceptual learning is "Any relatively permanent and consistent change in the perception of a stimulus array, following practice or experience with this array" (p. 29). In this paper, Gibson placed particular emphasis on the idea that perceptual learning depended on the opportunity for stimulus comparison. In particular, she argued that comparison afforded the opportunity for a process of stimulus differentiation to operate, whereby the effectiveness of the unique features (which distinguish similar stimuli) was enhanced relative to the common features (which do not). Although many have noted that the process of stimulus differentiation remained underspecified, there is some evidence suggesting that the opportunity for stimulus comparison might influence perceptual learning.
For example, Honey, Bateson, and Horn (1994) demonstrated that chicks exposed to two similar stimuli in an intermixed fashion (i.e., A, AЈ, A, AЈ, . . .) acquired a discrimination between them more readily than did chicks that received the same amount of exposure to the stimuli in blocks (i.e., A, A, . . . AЈ, AЈ, . . .). Similar results have been observed in rats (e.g., Symonds & Hall, 1995) and humans (e.g., Mitchell, Kadib, Nash, Lavis, & Hall, 2008; Mundy, Honey, & Dwyer, 2007) . Provided that a representation of A remains active until AЈ arrives, then intermixed exposure clearly offers more opportunities for stimulus comparison than does blocked exposure. These scheduling effects are then entirely consistent with the idea that comparison plays a central role in perceptual learning. However, there are two related caveats concerning the suggestion that such effects provide support for Gibson's views, or for the more general view that perceptual learning requires the memory of A to survive, in some form, until AЈ is presented (see Honey & Bateson, 1996; Mundy et al., 2007) . First, although the scheduling manipulation might well be expected to influence the likelihood that the memories of A and AЈ coexist, there are no studies that have directly manipulated the likelihood that this will be the case. Second, there are associative accounts of the scheduling effect that do not require the memory of A to persist until AЈ has been presented. For example, and briefly, the accounts proposed by Hall (2003) and McLaren and Mackintosh (2000) both suggested that perceptual learning depends on the presentation of one stimulus (e.g., AЈ) activating the representation of the unique elements of the comparison stimulus (e.g., A) when A is absent. This will occur more often during intermixed than during blocked exposure, but clearly does not rely on the temporal proximity of A and AЈ during intermixed schedule. Moreover, the facts that scheduling effects can be observed in rats when the interval between presentations of the critical flavors is many hours (e.g., Symonds & Hall, 1995) and that reducing the interval be-tween presentations of stimuli during intermixed exposure can reduce perceptual learning (e.g., Honey & Bateson, 1996 ; see also, Bennett & Mackintosh, 1999; Rodriguez, Blair, & Hall, 2008 ) is consistent with the accounts proposed by Hall (2003) and McLaren and Mackintosh (2000) . These things duly noted, it is perhaps surprising that there has been no direct assessment of whether, other things being equal, disrupting the likelihood of stimulus comparison influences the likelihood of observing the now ubiquitous scheduling effect.
In the present experiments we assessed whether it is important that the intermixed schedule allows the processes activated by A to persist until AЈ has arrived. To do so, one needs to interfere with the possibility that a representation of A will persist across the interval between A and AЈ while leaving other aspects of the exposure schedule unchanged. In our experiments this was achieved by inserting of a distracting stimulus in the interval between otherwise successive presentations of the to-bediscriminated stimuli during the exposure phase. Other things being equal, filling the blank period between stimuli should not have a direct effect on how they are processed themselves, but it should disrupt the comparison between them. In two experiments, we sought to examine whether the presence of a distracting stimulus does indeed influence perceptual learning (Experiment 1), and whether this influence reflects a reduction in the likelihood that processes activated by A remain active until AЈ is presented (and vice versa) during intermixed exposure (Experiment 2). To do so, as will become evident, it was necessary to devise a procedure in which the general impact of a distractor on the processing of A and AЈ could be discriminated from its effect on stimulus comparison.
Experiment 1
Figure 1 presents a schematic of the within-subjects factorial design used in Experiment 1. The critical stimuli were pairs of pictures of similar female faces (denoted here as, e.g., A and AЈ). During the test stage, the participants were required to indicate whether the face currently presented on a computer monitor (e.g., AЈ) was the same as, or different from, the immediately preceding face (e.g., either A or AЈ). The critical issue was whether their accuracy in making these decisions was influenced by the nature of the prior exposure to the pairs of similar stimuli and whether this exposure had involved the placement of a distractor between presentations of the faces during exposure. There were three levels of the exposure manipulation (intermixed, blocked, and no exposure) and three levels of the distractor manipulation (no distractor, face, or checkerboard; with the arrows in Figure 1 indicating where the distractors were presented). For the intermixed condition, one designated pair of stimuli (e.g., A and AЈ) were presented in alternation; in the blocked condition all presentations of one member the pair (e.g., B) occurred before those of the other member (e.g., BЈ); and a final pair of stimuli (e.g., C and CЈ) was first encountered during the change detection task described above. There were three sets of face pairs exposed in each of these conditions. For one set, the screen was left blank between successive face presentations. The test results from this no distractor condition should allow a replication of the observation that intermixed exposure facilitates later change detection accuracy relative to both of the remaining conditions (blocked and no exposure; e.g., Mundy et al., 2007) . For the second set, the intervals between successive face presentations in both the intermixed and blocked conditions were filled with a distractor (a picture of a male face). For the third set, these intervals were filled with a checkerboard distractor. The accuracy at test for the pairs of faces from the second and third sets allowed us to determine the extent to which distractor placement influences perceptual learning.
Method
Participants, apparatus, and stimuli. Twenty-four undergraduate students, 23 women and one man (aged 18 -21 years), were recruited from Cardiff University's School of Psychology and received course credit for participation. All participants gave informed consent. A PC running Presentation (Neurobehavioral Systems, Albany, CA) was used to present the stimuli, on a CRT monitor in an evenly lit, quiet room and recorded all responses. Responses were recorded by mouse button presses during the test phase (left for "different" and right for "same"-with these response codes written on the mouse keys). The female face stimuli were created according to the method described in Mundy et al. (2007) . In brief, nine pairs of black and white portrait female face photographs were selected and homogenized so that size, resolution, and lighting were constant for members of each pair. A morph was performed between each pair of faces (using Morpheus 1.85, Morpheus Software, Santa Barbara, CA) and two points on the morph (corresponding to 56.7% Face 1 and 43.3% Face 2) were selected as the stimuli for testing. The stimuli were 10.2 cm ϫ 9.9 cm when presented on screen. The male distractor face was selected from one of those used by Mundy et al. (2007) and presented in black and white at the same size as the female target faces. The checkerboard distractor stimulus was randomly chosen from those used in and consisted of a 25 ϫ 25 grid of black and white squares (each square was 5 mm per side giving a total size of 12.5 cm for the whole stimulus). The same face images were using during both exposure and test phases and a high-contrast random mask image was presented in the interstimulus interval (ISI) during the test phase. This mask was created by taking a second randomly selected checkerboard that was then subjected to a random shift filter in Adobe Photoshop, which retained the same overall number of black and white pixels but removed the checkerboard pattern. Figure 1 . Experiment 1: A within-subjects factorial design was used that manipulated exposure type (intermixed, blocked, and control). After an exposure stage (A and AЈ intermixed, B and BЈ blocked), participants received a same/different test in which the exposed stimuli and a novel pair of stimuli (C and CЈ) were presented. This design was repeated three times with each repeat representing a different manipulation of the distracting stimulus (placed as indicated by the arrows), namely no distractor, face, or checkerboard distractor.
Design and counterbalancing.
A within-subjects factorial design was used that manipulated exposure schedule (intermixed, blocked, and no exposure) and distractor type (blank screen, face, and checkerboard). One pair of faces was tested in each of the resulting experimental conditions. The nine pairs of target faces were assigned to the nine experimental conditions across participants in rotation (and thus each pair of faces was used either two or three times in every condition). The experiment was performed as a three cycles of exposure and test. Within each cycle, three pairs of faces were used (e.g., A and AЈ, B and BЈ, and C and CЈ), which were assigned one of the three exposure conditions (intermixed, blocked, and no exposure). Either one pair of pictures (e.g., A and AЈ) was exposed in an intermixed fashion before a second pair of pictures (e.g., B and BЈ) was presented in a blocked fashion or the blocked exposure preceded the intermixed exposure (intermixed and blocked exposure were presented first equally often across participants). Following this exposure phase participants received same/different tests with both the intermixed and blocked stimuli as well as with a third pair of faces (e.g., C and CЈ) that had not previously been exposed. Each of the three cycles of exposure and test corresponded to a single level of the distractor type factor. Thus within a cycle the interval between successively presented faces was, in the exposure phase only, filled by the relevant distractor (blank screen, face, or checkerboard). The order in which participants received each of the distractor conditions was counterbalanced across participants, such that each distractor condition was equally often presented in the first, second, or third exposure-test cycle.
Procedure. Participants were seated approximately 60 cm from the computer screen. After providing informed consent, the first of three exposure-test cycles began with the following instructions appearing on the computer screen:
You will now see a series of faces, some will be very similar. Please pay close attention-the differences are very subtle. (Press the response button to begin).
Participants were then prompted to ask any questions that they might have. Once the response key was pressed, the exposure stage began. Participants were given intermixed exposure to one stimulus pair (e.g., A and AЈ) and blocked exposure to another stimulus pair (e.g., B and BЈ). For each exposure schedule there were 10 face presentations (e.g., five of A and five of AЈ) so that they received a presentation of 20 faces (10 during intermixed and 10 during blocked exposure). Each face was presented for 2 s, followed by the distractor image for 0.5 s, before the presentation of a further face. Once the exposure stage was complete, participants entered the test stage.
Before the test stage commenced participants received the following instructions on the computer screen:
You will now see a second series of faces, some will be new. The image will flash-please indicate whether you think the image has changed. Left button ϭ yes, right button ϭ no. (Press the response button to begin).
The test phase commenced once the participant pressed the mouse key. During each test trial participants saw one face for 500 ms, a 300-ms ISI (which was filled by a high-contrast mask), then a second face for 500 ms, which was followed by a 4-s response period. Subsequent trials proceeded automatically after the completion of the response period. There were 48 test trials, consisting of 16 trials from each exposure condition. Of the 16 presentations of each pair, eight were the same face (four A then A and four AЈ then AЈ) and eight were different (four A then AЈ and four AЈ then A). The order of trials was randomized with the constraint that there must be four trials from each condition in every 16 trials. On completion of the test, participants were allowed to rest before moving onto the next exposure-test cycle.
Results and Discussion
Figure 2 shows test accuracy, as the percentage of correct responses, 1 as a function of exposure condition (intermixed, blocked, and no exposure) and distractor type (no distractor, face, and checkerboard). Inspection of the figure suggests that the standard effect of exposure condition (i.e., intermixed Ͼ blocked Ͼ no exposure) was evident in the no distractor condition, and that although this ordinal relationship also was evident in both the face and checkerboard distractor conditions the effects were less marked. Moreover, the effect of distractor placement was most evident for the intermixed exposure conditions, and in the case in which the distractor was a face.
The data was analyzed using a within-subjects analysis of variance (ANOVA) with factors of exposure condition (intermixed, blocked, no exposure), distractor type (no distractor, face, checkerboard), and test trial type (same correct, different correct). This analysis confirmed the preceding description of the data by revealing significant effects of both exposure condition, F(2, 46) ϭ 69.41, p Ͻ .001, MSE ϭ 53.65, and distractor type, F(2, 46) ϭ 30.31, p Ͻ .001, MSE ϭ 53.34. Simple effects analyses of the exposure factor revealed that performance was better in the intermixed conditions than in the blocked conditions, F(1, 23) ϭ 29.85, p Ͻ .001, MSE ϭ 22.87, and that performance in the blocked conditions was, in turn, better than in the no exposure conditions, F(1, 23) ϭ 41.90, p Ͻ .001, MSE ϭ 13.38. Simple effects analyses of the distractor effect revealed that performance was worse with face distractors than with checkerboard distractors, F(1, 23) ϭ 35.34, p Ͻ .001, MSE ϭ 13.00, and that performance with checkerboard distractors, in turn, worse that in the no distractor conditions, F(1, 23) ϭ 5.19, p ϭ .032, MSE ϭ 22.57. The most important result was a significant interaction between exposure and distractor conditions, F(4, 92) ϭ 6.64, p Ͻ .001, MSE ϭ 44.58. There was no significant effect of test trial type, nor any significant interaction involving this factor (Fs Ͻ 1). Critically, the interaction between exposure condition and distractor type was still significant when the no-exposure conditions were omitted from the analysis, F(2, 46) ϭ 3.58, p ϭ .038, MSE ϭ 45.52, indicating that the distractors had a greater effect during intermixed exposure than during blocked exposure. Simple effects analyses of the interaction between exposure and distractor conditions revealed that, as is typically observed, in the no distractor conditions performance after intermixed exposure was superior than after blocked exposure, In summary, Experiment 1 demonstrated that placing a distractor between pairs of target faces (e.g., A and AЈ) during the exposure phase attenuated perceptual learning, and that this distractor effect was more pronounced when the distractor image was of the same general type (i.e., a face) as the targets than when it was a checkerboard. The latter difference in the efficacy of the two distractors is not the focus of interest here, but it is consistent with the observation that perceptual learning effects involving pictures of faces and checkerboards are subserved by at least partially separate neural mechanisms (Mundy, Honey, Downing, et al., 2009) . The fact the presence of a distractor (especially when it was a face image) had a greater effect on faces exposed in an intermixed than a blocked fashion is of more immediate concern. This observation is consistent with the idea that the distractor interfered with a process of comparison. However, the fact that distractors interfered with performance in the blocked conditions at all, in which there was little opportunity for comparison, suggests that the distractor must also influence perceptual learning in other ways. The main aim of Experiment 2 was to isolate the nature of the distractor effect observed in Experiment 1.
Experiment 2
Although the results of Experiment 1 are consistent with the idea that presenting a distractor interfered with the comparison of the target faces during the exposure stage, they are also consistent with the possibility that the operation of a visual masking effect wherein the distractor attenuated processing of the immediately preceding target (see Breitmeyer & Ogmen, 2006) . This masking effect might produce a concomitant reduction in perceptual learning simply because it reduced the amount of effective exposure to the target. On its own, this analysis would predict no difference in the effects of a distractor in the intermixed and blocked exposure conditions; but it might be argued that the fact that the distractor had a greater impact in the intermixed than the blocked condition reflected a scaling effect. With these concerns in mind, Experiment 2 sought to equate any masking effects that might have been brought about by the distractor, while manipulating the extent to which the distractors could interfere with comparison between successively presented similar faces.
If a process of stimulus comparison is critical to perceptual learning, then other things being equal presenting a distractor between two images that are later to be discriminated should be more disruptive than placing the distractors elsewhere. To assess this prediction, participants received interleaved exposure to three sequences that each involved two pairs of faces: A -AЈ -B -BЈ -AЈ -A -BЈ -B . . .; D -DЈ -E -EЈ -DЈ -D -EЈ -E . . .; and G -GЈ -H -HЈ -GЈ -G -HЈ -H . . . (see Figure 3) . For the first sequence, involving A, AЈ, B, and BЈ, no distractors were presented. For the second sequence (condition comparison), a distractor was placed in the critical comparison intervals (e.g., between D and DЈ and between E and EЈ). For the final sequence (condition mask), the distractor was positioned so that it could serve as a forward and backward mask but should not disrupt a process of comparison (e.g., between GЈ and H and between HЈ and G). Performance after each distractor sequence was compared to a nonexposed pair of control faces (i.e., C/CЈ, F/FЈ, and I/IЈ, respectively). In both comparison and mask conditions each target face was preceded by a distractor on half of its presentations and succeeded by a distractor on the other half. If distractor placement is disrupting a process of comparison then it should have a more detrimental influence on later test performance in the comparison condition than in the mask condition; but if the presence of a distractor is simply resulting in masking then the degree of disruption to perceptual learning brought about by a distractor should be equivalent in the comparison and mask conditions. 
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Figure 3. Experiment 2: A within-subjects design was used to manipulate distractor placement (no distractor, comparison, and mask) during intermixed exposure. There were no distractors during exposure to A, AЈ, B, and BЈ; whereas distractors (indicated by arrows) were placed between faces from to-be-discriminated pairs (e.g., D and DЈ) in the comparison condition; and between faces that did not form to-be-discriminated pairs (e.g., GЈ and H) in the mask condition. Each distractor condition was run separately, with participants then receiving a same/different test in which the exposed stimuli (e.g., A and AЈ) and a novel pair of faces (e.g., C and CЈ) were presented.
Method
The methods used in Experiment 2 were very similar to those employed in Experiment 1. Sixteen undergraduate students (age range: 18 -21 years; 12 women and four men) were recruited from Cardiff University's School of Psychology and received course credit for participation. None had participated in Experiment 1. The stimuli were the same as in Experiment 1. The interval between images during the exposure phase was 0.5 s and this interval was either filled with a 0.5-s male distractor face or a 0.5-s blank screen. Participants received intermixed exposure to two different stimulus pairs of similar faces during each of three exposure runs (A, AЈ, and B, BЈ; D, DЈ, and E, EЈ; G, GЈ, and H, HЈ). Exposure to the two face pairs within a given run was interleaved such the first two faces came from one pair (e.g., A then AЈ), the next two came from the other pair (e.g., B then BЈ), whereupon the first pair were presented again in the opposite order (i.e., AЈ then A), until both pairs of faces had been presented on six occasions and the members of each pair had been presented first and second on an equal number of occasions. Thus, each exposure run consisted of 24 target presentations, and each target presentation was 2 s. Following the exposure phase, participants were tested with both of the exposed stimulus pairs and a pair that was novel at test (C and CЈ, F and FЈ, I and IЈ). As in Experiment 1, each participant received three exposure/test cycles. Each block consisted of a single distractor condition. In the no distractor condition, the ISI was always filled with a blank screen. In the comparison condition, the male face distractor was presented between stimuli taken from the same face pair and the blank screen appeared between stimuli from different face pairs. In the mask condition, the blank screen appeared between stimuli taken from the same face pair and the male face distractor was presented between stimuli from different face pairs. Thus, in both conditions, each target face was always preceded or succeeded by a distractor, and on those occasions when it was preceded by a distractor it was succeeded by a blank screen, and when it was succeeded by a distractor it had been preceded by a blank screen. In each of the distractor conditions, the two pairs of face pairs were equivalently treated, and both pairs were presented at test together with a novel pair of faces. The overall number of test trials within a run was the same as in Experiment 1: There were 16 test trials with each pair of exposed faces and an equivalent number of test trials with the novel pair of faces. The assignment of faces to experimental condition and the counterbalancing of the order in which conditions were presented was performed in the same way as in Experiment 1. Figure 4 shows performance during the test phase of the experiment as a function of exposure condition (exposed or not) and distractor placement (no distractor, comparison, or mask).
Results and Discussion
2 Examination of the figure suggests that test accuracy was greater for the exposed pairs of faces than for the novel pairs of faces, and that this effect was markedly reduced in the comparison distractor condition (and reduced to a lesser extent in the mask distractor condition). ANOVA confirmed that there was a significant effect of both exposure condition, F(1, 15) ϭ 165.68, p Ͻ .001, MSE ϭ 37.90, distractor condition, F(2, 30) ϭ 15.03, p Ͻ .001, MSE ϭ 43.78, and a significant interaction between these two factors, F(2, 30) ϭ 12.19, p Ͻ .001, MSE ϭ 45.27. Subsequent analysis revealed that the accuracy for the exposed stimuli in the no distractor condition was superior than in the mask condition, F(1, 15) ϭ 10.42, p ϭ .006, MSE ϭ 44.38, and performance in the mask condition was superior to performance in comparison condition, F(1, 15) ϭ 19.19, p ϭ .001, MSE ϭ 38.70. Despite the reduction in perceptual learning seen in the mask and comparison conditions, performance with exposed stimuli was higher than with nonexposed stimuli in all distractor conditions, lowest F(1, 15) ϭ 6.10, p ϭ .026, MSE ϭ 67.26. There were no significant differences between the nonexposed conditions as a function of distractor placement (all Fs Ͻ 1). There was no significant difference in performance on same or different test trials, F(1, 15) ϭ 2.44, p ϭ .139, MSE ϭ 328.13, nor any significant interaction involving this factor, largest F(1, 15) ϭ 1.42, p ϭ .252, MSE ϭ 709.17. Thus, other things being equal, presenting a distractor between pairs of similar faces (in the comparison condition) that are later to be discriminated was more disruptive than placing a distractor elsewhere (in the mask condition). This finding is consistent with the idea that comparison is critical for perceptual learning. The observation that there is some effect of placing a distractor before and after a target (in the mask condition) suggests that the distractor might also have produced a masking effect, which reduced processing of the stimuli presented during exposure.
General Discussion
In both of the experiments reported here, exposure to pictures of similar faces facilitated subsequent discrimination between them in a same/different test. This perceptual learning effect was greater when the to-be-discriminated stimuli had been exposed according to an intermixed schedule (i.e., A, AЈ, A, AЈ . . .) than when the stimuli had been presented in blocks (e.g., B, B, . . . BЈ, BЈ . . .; Experiment 1). This scheduling effect is consistent with the view that intermixed exposure allows a process of stimulus comparison to operate-a process that relies on the trace of one stimulus (e.g., A) remaining active until the second stimulus in the pair is presented (i.e., AЈ). However, there is no previous direct evidence to support such an analysis. Here, we sought such evidence by examining the effects of inserting irrelevant distracting stimuli between presentations of the critical stimuli during the exposure phase. In Experiment 1, the perceptual learning effect was reduced when a distracting stimulus (*) was presented between successive presentations of the to-be-discriminated stimuli during the initial alternating exposure stage. Furthermore, the degree of attenuation was greater when the irrelevant stimulus was of the same general category as the targets (i.e., a male face distractor with female target faces) than when the distractor came from an entirely different category (i.e., a random checkerboard). Although the effect of a distractor observed in Experiment1 is consistent with idea that the presence of a distractor disrupted a process of comparison, perceptual learning was also attenuated by the presentation of distractors in the intervals between faces that were exposed in a blocked fashion (albeit that this effect was less marked). This finding suggests that the effects of distractor presentation cannot be due solely to the disruption of a comparison process. Another potential source of the effect of a distractor is visual masking, which might have served to reduce the amount of effective exposure to the target stimuli during the exposure phase.
3 Experiment 2 examined this possibility by examining two exposure conditions which equated the opportunity for the distractors to produce masking, but which differed in terms of the potential of the distractors to disrupt stimulus comparison. This was achieved by equating the number of times that the distractors were presented before and after the target stimuli (thereby equating visual marking), but placing the distractor between presentations of the to-be-discriminated pairs (e.g., D -* -DЈ) or before and after those pairs (e.g., * -G -GЈ -*). The disruption to perceptual learning was greater when the distractor could influence stimulus comparison than when it could only serve to mask stimulus processing.
The current experiments provide, for the first time, direct evidence that a process of stimulus comparison, during intermixed exposure, is causally related to the extent to which that exposure enhances subsequent discrimination (i.e., produces perceptual learning). Until this point, we have eschewed here any detailed analysis of the mechanism(s) that underpin this process, but others have previously outlined such a mechanism (e.g., Honey & Bateson, 1996; Honey, Close, & Lin, 2010; Mundy et al., 2007) . In particular, we (Mundy et al., 2007) suggested that stimulus comparison exerts an effect on what is represented about two similar stimuli through a process of short-term adaptation or habituation. Thus, when two similar stimuli are presented in succession in an intermixed schedule (e.g., A and then AЈ) the elements that are common to both (denoted x) will be present during A and be adapted at the point at which AЈ arrives (and vice versa). This should state of affairs should result in a processing bias when A and AЈ are encountered-with the unique elements of AЈ (aЈ, and of A, a) being more effectively processed than their common elements (x). If this processing bias is reflected in the aspects of the two stimuli that are stored or represented, then it would provide a basis for A and AЈ to be better discriminated when they are subsequently presented at test. For example, this bias could reduce the likelihood that a and aЈ would be drawn (by the presence of the common element, x) into the same configural unit within a connectionist system, or increase the likelihood that a and aЈ will be linked to different hidden layer units. In any case, any manipulation that reduced the likelihood that x remained habituated after presentation of A should reduce the processing bias that would occur when AЈ is encountered on the next trial. The introduction of a distractor between the presentation of A and AЈ is one manipulation that should disrupt short-term habituation (see Wagner, 1981) .
A related account of perceptual learning, to that outlined in the previous paragraph, has been described by . They suggested that the degree to which a feature is encoded as part of the representation of a stimulus as a whole is related to the amount of processing it receives. Furthermore, they suggested that well remembered features (e.g., those presented recently) would receive relatively little processing (see Jacoby, 1978) . This account shares with ours the prediction that recently presented features will not be well encoded as part of a stimulus representation, and although these accounts differ in the underlying mechanism (low level adaptation/habituation versus higher level memory mechanisms) they provide essentially the same explanation of the current experiments: Both adaptation and memory should be disrupted by the presence of distractor stimuli. However, not all accounts of perceptual learning are able to explain the current results. Indeed, in contrast to our account and that provided by Mitchell his colleagues, the others noted in the introduction have difficulty with respect to at least some aspects of the results of Experiments 1 and 2.
Hall (2003) offered a general analysis of how the salience of stimuli changes with experience. He submitted that although the direct activation of the memory or representation of a stimulus (in the absence of any significant consequences) leads to a reduction in its salience, the associative activation of a stimulus representation, in the absence of the stimulus itself, will instead lead to the recovery of previously lost salience. The application of these ideas to perceptual learning can be again illustrated by considering the effect of exposure to A and AЈ that activate unique elements a and aЈ and common elements, x. During initial exposure associations will form between a -x and aЈ -x such that presentation of x is able to retrieve the representations of both a and aЈ. As exposure continues, presentation of A will result in the retrieval of the representation of aЈ, whereas presentation of AЈ will result in the retrieval of the representation of a. It is assumed that such associative activation will maintain the salience of a and aЈ. Meanwhile, the common elements, x, are present on every trial and so have no opportunity to be activated in their absence and so their salience will continue to decline. Although there is no doubt that repeated activation of a representation by its corresponding stimulus reduces effectiveness, the same cannot be said about the principle that associative activation has the opposite effect Hall & Rodriguez, 2009) . Moreover, although these ideas provide a potential account for schedule effects in perceptual learning, they do not provide a coherent explanation for the results presented here. For example, although the presentation of a distractor might well disrupt the process of associative activation (e.g., of aЈ by the presentation of A), the same analysis cannot account for the results of Experiment 2. Here, Hall's account would anticipate that because it is the number of times that the representation of a stimulus is activated in the absence of that stimulus that matters (e.g., of aЈ by the presentation of A), rather than when this activation occurs relative to other stimuli (e.g., AЈ), the mask and comparison distractors should be equally effective in disrupting perceptual learning; however, the comparison distractor was more effective than the mask distractor. McLaren and Mackintosh (2000; see also, McLaren, Kaye, & Mackintosh, 1989; McLaren & Mackintosh, 2002 ) developed a computational model of associative learning that instantiates three mechanisms that are of particular relevance to perceptual learning: latent inhibition of common features, mutual inhibition between unique features, and unitization. Latent inhibition alone cannot explain the basic difference between intermixed and blocked exposure and so need not concern us here. With respect to mutual inhibition, McLaren and Mackintosh (2000) noted that intermixed, but not blocked, exposure to A and AЈ would result in the unique elements of A (i.e., a) coming to predict the absence of the unique elements of AЈ (i.e., aЈ) and vice versa-that is mutual inhibitory links will form between a and aЈ as a result of intermixed exposure. The presence of these associations can explain many examples of the schedule effect in perceptual learning: The inhibitory links will prevent learning about A from generalizing to AЈ. However, why the presence of such links should influence the same/different tests of discriminability used here is not clear: Briefly, Dwyer, Hodder, and Honey (2004) suggested such links might impair discrimination, Lavis and Mitchell (2006) suggested they might enhance it, whereas McLaren and Mackintosh (2000) were silent on this issue. Moreover, the formation of inhibitory links relies on the ability of the common elements (x) to retrieve the representation of aЈ during presentation of A (and for x to retrieve a during AЈ), and is driven by events that occur during the presentation of the critical stimuli themselves rather than in the interval between them. Thus, even if mutual inhibitory links between a and aЈ were acquired, and enhanced the accuracy of same/different judgments, it is by no means clear that the presence of distractors during the exposure stage should disrupt their development.
The third process discussed by McLaren and Mackintosh (2000) in the context of perceptual learning, unitization, is perhaps better placed to explain the current results. This mechanism relies on the fact that exposure will allow the multiple-individual elements of complex stimuli to become associated with one another and with the contextual background within which these stimuli are presented. Other things being equal, this mechanism would act to reduce the salience of all of the stimulus elements of a given stimulus (e.g., A). However, McLaren and Mackintosh (2000) assumed that all is not equal because the common elements (x) and the context should be sampled on every exposure, whereas the unique elements (a) would be sampled less consistently. This difference is enhanced during intermixed exposure: Where the unique elements of each stimulus (namely a and aЈ) not only appear less frequently that the common elements, but also less frequently than any given unique element during blocked exposure. The result of the difference in sampling rates is that the common elements will be strongly associated with each other and with the context while the unique elements of a stimulus will be strongly associated with one another, but less strongly associated with the context or the common elements. As the degree to which stimulus elements are associated with the context is related to their salience, this means that the unique elements will be relatively more salient than the common elements after intermixed exposure, and thus can support superior discrimination. It is, in principle, possible that the presentation of distractors could interfere with the unitization process and thus explain the current results. Although it is difficult to assess in the impact of distractors on unitization in the absence of explicit simulations of the model, at least two possibilities present themselves: A distractor might disrupt unitization by reducing the sampling rate of all elements, and thereby reducing the effective difference in sampling rate between common and unique features. Alternatively, the distractor might interfere with the formation of associations between the common elements and the context. However, there are aspects of the results reported here that do not sit well with either analysis. In particular, it is not at all clear why the two forms of distractor placement in Experiment 2 (comparison and mask) should have produced different outcomes: Both placements should have interfered with sampling to an equivalent extent and both have equal opportunity to interfere with context-common element associations. In addition, as theirs is a real-time model, it would appear to be constrained to predict, in contrast to the results briefly described above, that the disruption should be sensitive to the time at which the distractor occurs (see footnote 3). Thus the computational model presented by McLaren and Mackintosh (2000) does not appear to be well placed to account for all of the results presented here. Moreover, it is entirely unable to account for other aspects of the contribution of comparison to perceptual learning, and, in particular, the fact that simultaneous exposure can facilitate latter discrimination (Mundy et al., 2007; .
In summary, in two experiments, intermixed exposure to similar stimuli facilitated subsequent discrimination between them, and presenting distractor stimuli during key moments of the exposure phase disrupted this perceptual learning effect. The disruption produced by distractors was most acute when it occurred between successive presentations of the to-be-discriminated stimuli, and thereby provides the first direct evidence that the opportunity to compare stimuli plays a causal role in supporting perceptual learning (e.g., Gibson, 1969) . The current results are inconsistent with a number of theoretical accounts for why intermixed exposure, which affords stimulus comparison, results in a particularly marked perceptual learning effect. Instead, our results support the view the opportunity for stimulus comparison is critical because it results in a short-term processing bias away from the frequently presented common elements and toward their less frequently presented unique elements, and this bias is reflected in the resulting long-term representations of the exposed stimuli.
